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Abstract
Improvement in hand hygiene (HH) compliance has been associated with a decrease in the incidence of hospital-acquired infection (HAI)
and hospital-acquired methicillin-resistant Staphylococcus aureus (HA-MRSA) infection/colonization. We aimed to evaluate the impact of a
multimodal intervention in medical wards on HH compliance, alcohol-based hand rub (AHR) consumption and incidence of HAI and HA-
MRSA. A before–after intervention study and an assessment 1 year later were conducted in three internal medicine wards. HH compliance
during routine patient care was monitored using the WHO HH observation method. AHR consumption was registered. HAI incidence
was actively sought during the PRE and POST periods. HAI risk factors were prospectively recorded and incidence density was calculated.
A total of 825 patients were prospectively followed in the PRE period and 868 patients in the POST period. We observed 1531 opportuni-
ties for HH in PRE and POST periods and 450 1 year later. HH compliance improved from 54.3% to 75.8% (p 0.005) and remained 75.8%
at follow-up. AHR consumption increased from 10.5 to 27.2 L/1000 hospital-days and 31.5 L/1000 hospital-days at follow-up. Incidence
density of HAI was 6.93 and 6.96/1000 hospital-days in the PRE and POST intervention periods, respectively. HA-MRSA incidence density
was 0.92 in the PRE period vs. 0.25/1000 hospital-days in the POST period (p 0.2) and 0.15/1000 hospital-days (p 0.1) 1 year later. A
sustained increase in AHR consumption was followed by an improvement in HH compliance after a multimodal campaign. A trend for
lower incidence density of new hospital-acquired MRSA was detected in the POST intervention and follow-up periods.
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Introduction
Hospital-acquired infections (HAIs) constitute a major source
of morbidity, mortality and increased cost [1].
A substantial proportion of HAIs results from cross-con-
tamination and transmission of microorganisms by the hands
of healthcare workers (HCWs) [2]. Hand hygiene (HH) has
been singled out as the most important procedure in pre-
venting HAI [3].
In the last decade alcohol-based hand rub (AHR) has been
incorporated progressively for HH in healthcare facilities. It
requires less time, and is more accessible, less irritating and
more versatile; for these reasons it has contributed to an
increase in HH compliance [4].
Effectiveness of HH as well as HCW compliance in the pre-
vention of HAI have been extensively evaluated in intensive care
units (ICUs) where HAI rates are high, with discordant results
[5]. Also, many studies have evaluated the impact of HH on HAI
rates in hospital-wide settings, as summarized in Table 1[4,6–16].
The aim of our study was to evaluate the impact of a mul-
timodal educational campaign on HH compliance, encourag-
ing the use of AHR in internal medicine wards. We
compared HH compliance, AHR consumption, HAI and
MRSA hospital acquisition incidence density at baseline and
post-intervention and after 1 year of follow-up.
Methods
This study was conducted at Hospital Universitari Mu´tua
Terrassa, Spain, a 500-bed tertiary care hospital with c.
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26 000 admissions/year. The hospital has three internal medi-
cal wards (113 beds) with 132 HCW employees and a con-
stant nurse-to-patient ratio of 1:12.The bed occupancy rate
in the surveyed wards at the time of the study ranged from
92.3% to 92.8%.
Rooms are shared either by two or three patients, sinks
are not available in every room, and 500 cc bottles of alco-
hol-based liquid (Sterillium, containing 45% 2-propanol (iso-
propanol), 30% 1-propanol, 0.2% mecetronium ethyl-sulphate
and emollient) were available at the bedside through wall-
fixed dispensers in each room since January 2006.
Study design
A prospective before–after interventional study was carried
out in four phases: a baseline phase (PRE period from Febru-
ary to April 2007; 10 weeks), an intervention period (from
June to November 2007), a post-intervention (POST period
from November to January 2008; 10 weeks) and the follow-
up evaluation, 1 year later (November 2009).
HH compliance during professional routine patient care,
alcohol-based hand rub consumption and MRSA hospital
acquisition were compared before and after the intervention
and 1 year later. HAI incidence density was only compared
in the PRE and POST periods.
Intervention
The intervention inspired by the experience of Pittet et al.
[4] consisted of a multimodal educational and motivational
campaign. Management and staff commitment was achieved
in order to create an institutional climate favouring HH good
practices. Management staff participated in the campaign
opening sessions. Funding for the campaign material was pro-
vided by the Catalan Health Department, a governmental
institution. No administrative sanctions were applied.
The educational programme was developed by the infection
control staff using the social learning theory of Bandura (1982).
This behavioural theory is based on the notion that develop-
ment is learned and is strongly influenced by environmental
factors. Social cognitive theory emphasizes the principle that
behaviour, environment and cognition operate together, each
exerting an important influence on the others [17].
HCWs working in the area under study were invited to
attend a couple of targeted face to face educational seminars.
A total of 37 20-min group sessions for all shifts were given;
98.4% of the HCWs participated. In the first seminar, HH
opportunities were clarified using the new WHO guidelines
for HH [18] and alcohol-based hand rubbing encouraged
when indicated. In the second seminar HH techniques were
taught and also the HH technique was assessed with a device
with an ultraviolet radiation lamp that evidenced residual
spots of a fluorescence lotion on hands after HH. Leaflets
with HH information were distributed during seminars. Pic-
tures showing the correct steps for hand washing were
placed at each hand-washing basin as reminders. Six different
motivational posters were distributed throughout the studied
area; they were provided by the Catalan Health Department.
The investigators replaced the posters monthly. Continuous
replacement of AHR was guaranteed in all the specified HH
points. No other changes in infection control measures were
applied. After the post-intervention period and up to the fol-
low-up assessment 1 year later no new reminders were
applied. Performance feedback was reported after HH obser-
vational periods in medical sessions and mailed to ward
nurse managers.
Procedure and measures
Compliance/observational study. The HH compliance was mea-
sured using direct observation of HCWs during daily work
routine following WHO guidelines on HH in healthcare rec-
ommendations [18]. Four infection-control nurses (NF, OM,
CN and MR) carried out the observation during the two
periods. NF and OM are accredited trainers for observers’
formation by the Catalan Health Department. The observa-
tions were made using the WHO manual for observers [19],
recording potential opportunities for hand hygiene called ‘My
five moments for HH’, and the hand hygiene actions as
either with water and soap or with AHR. An opportunity for
hand hygiene referred to the period during which a single
HH action was deemed necessary.
Compliance with HH was defined by the following
equation:
Compliance ð%Þ ¼ hand hygiene actions recorded
HH opportunities observed
 100
In order to reduce interobserver error, observers were
standardized against each other in 10% of monitoring ses-
sions [20]. Observations were recorded on a data observa-
tion form validated by the WHO [21]. Observations covered
all the 8-h shifts on weekdays. They consisted of 20-min
observation periods distributed during the day and night
when most activity occurred. Types of personnel and type of
HH (with soap or AHR) were registered.
Incidence density and risk factors for HAI and HA-MRSA. All in-
patients with at least 48 h of hospital stay in the selected
medical wards were included. HAIs were identified prospec-
tively by clinical findings and confirmed by laboratory and/or
clinical data or physician diagnosis. Charts of patients who
had fever, any positive culture or were on antimicrobial ther-
apy 48 h after admission were screened by one of the four
1214 Clinical Microbiology and Infection, Volume 18 Number 12, December 2012 CMI
ª2011 The Authors
Clinical Microbiology and Infection ª2011 European Society of Clinical Microbiology and Infectious Diseases, CMI, 18, 1212–1218
trained infection control nurses. Any detected infection was
confirmed by the physician in charge of every case-patient
and by the infection control staff. HAIs were diagnosed and
classified according to the standard definitions of the Centers
for Disease Control and Prevention (CDC) [22]. Asymptom-
atic bacteriuria was not included. New cases of MRSA hospi-
tal colonization or infection were registered as well.
Intrinsic risk factors recoded were demographics, co-mor-
bidities and functional status according to Charlson [23] and
Barthel [24] scores. Extrinsic risk factors included were the
presence of indwelling devices and length of hospital stay.
Infection rates were expressed as incidence density (calcu-
lated with number of each HAI as numerator and risk days
(per 1000 hospital- or catheter-days) as denominator).
MRSA colonization at admission has been actively sought
in our hospital since 1992. Admission screening since then
has consisted of a nasal and perineal swab in all patients
admitted from another hospital, from a residence or from a
long-term care facility (LCTF) or with a previous episode of
MRSA colonization/infection In order to identify HA-MRSA,
also patients with a length of stay higher than 30 days or
patients delivered to a LCTF have been actively screened
with nasal and perineal swabs since 2004. MRSA isolates
from clinical samples obtained 48 h after admission were also
recoded.
Statistical analysis
HH compliance, consumption of AHR, HAI incidence and
HA-MRSA as well as the presence of potential risk factors
for HAI were compared between periods by univariate anal-
ysis. The chi-square or Fisher’s exact test was used for cate-
gorical variables; for continuous variables Student’s t-test and
the Mann–Whitney U-test were used. The accepted signifi-
cance level was 0.05.
The sample size for the HAI objective was calculated using
data based on the previously reported HAI prevalence in
medical wards. Based on data regarding HAI prevalence [25]
the estimated HAI incidence was 9%. The aim of the interven-
tion was to have a reduction of at least 25% in HAI incidence.
For a statistical power of 80% and a beta risk of 20%, the cal-
culated sample size was 968 patients in each study period.
Ethics
The study was approved by the ethics and research commit-
tee of our hospital and informed written consent was
obtained from all the participating HCWs.
Results
HH Compliance
A total of 1531 HH opportunities were observed during
routine patient care in the three internal medicine wards
studied in the PRE and POST interventional periods. There
were 751 opportunities (49.1%) in the PRE period and 780
(50.9%) in the POST period. In the follow-up assessment,
450 opportunities were observed.
Compliance improvement with HH practice differed
between professional categories. Overall HCWs compliance
improved from 54.3% in the PRE period up to 75.8% in the
POST period (p < 0.005) and remained 75.8% in the follow-
up period (see Table 2).
The three studied periods were similar in terms of distri-
bution of HH opportunities observed. Compliance for all five
HH opportunities increased significantly after intervention,
and remained high 1 year after, as shown in Table 3.
Alcohol-based hand rub consumption
Consumption of AHR increased from 10.5 to 27.2 L/1000
patient-days. In the follow-up assessment the consumption
was 31.5 L/1000 patient-days. In the PRE period the percent-
age of HH actions using AHR was 63.7% (260 out of 408),
and increased to 86.1% (509 out of 591) HH actions in the
POST period (p < 0.005). Consequently, AHR replaced the
use of soap and therefore a significant reduction in HH per-
formed with soap and water was observed; 148 (64.3%)
actions at baseline, 82 (35.7%) actions in the POST period
and 57 (16.72%) in the follow-up period.
TABLE 2. Heathcare workers hand hygiene compliance in the PRE, POST and follow-up periods by professional category
PRE period POST period
p value PRE
vs. POST
Follow-up 2009
p value POST
vs. follow-up
Profession
Act Opp.
Compliance
(95% CI) Act Opp.
Compliance
(95% CI) Act Opp.
Compliance
(95% CI)
Physicians 39 83 47 (35.9–58.3) 64 93 68.8 (58.4–78) 0.005 22 43 51.2 (35.5–66.7) 0.07
Medical residents 49 91 53.8 (43.1–64.4) 73 114 64 (55.2–72.8) 0.1 30 55 54.5 (40.6–68) 0.3
Nurses 176 286 61.5 (55.9–67.2) 237 284 83.5 (79.1–87.8) <0.001 161 187 86.1 (81.1–91.1) 0.5
Nursing assistants 130 239 54.4 (48.1–60.7) 207 261 79.3 (74.4–84.2) <0.001 128 165 77.6 (71.2–83.9) 0.7
Others 14 52 26.9 (15.6–41) 10 28 35.7 (18.6–55.9) 0.6 – – – –
Total 408 751 54.3 (50.8–57.9) 591 780 75.8 (72.8–78.8) <0.001 341 450 75.8 (71.8–79.7) 0.9
Act, HH actions; Opp, HH opportunities.
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Incidence and risk factors for HAI in the PRE and POST
study periods
A total of 2007 patients were admitted to the three internal
medicine wards during the studied periods (965 in the PRE
period and 1042 in the POST period); 314 patients with a
length of stay £48 h were excluded. Therefore, 825 patients
in the PRE and 868 in the POST period were followed pro-
spectively. The total number of admission days was 7647 in
the PRE and 7898 in the POST period.
Patients were similar in terms of demographics, functional
status, presence of co-morbidities, length of stay, previous
MRSA colonization and presence of ulcers at admission. A
similar global number of venous catheter-days and urinary
catheter-days was found in both periods (Table 4).
The distribution of the different types of HAI infections
and the incidence density are summarized in Table 5. Among
the 108 detected HAIs in both periods, the most frequent
were urinary tract infection and pneumonia. The incidence
density of HAI ranged from 6.93 to 6.96 per 1000 hospital-
days (p 0.9) and new HA-MRSA went down from 0.92 in the
PRE period to 0.25 per 1000 hospital-days in the POST per-
iod (p 0.2).
Discussion
This study shows how after an educational campaign in medi-
cal wards, compliance with HH improved and soap was
replaced by AHR. Both HH compliance and AHR use
remained high 1 year after the intervention. Nevertheless,
we found no significant changes in the incidence of HAI or
HA-MRSA.
We found that the groups with the greatest compliance
were nurses and nursing assistants at baseline and after
intervention. Poor physician compliance with HH as com-
pared with other professional categories has been previously
reported [4,26–28]. We tried to overcome this handicap
with the multimodal campaign. It specifically included a tar-
geted physician face to face educational seminar. After the
intervention, physicians were the group where the highest
improvement was seen.
In this study the Hawthorne effect (increased productivity,
i.e. more hand hygiene episodes resulting from the presence
TABLE 3. Compliance according to the WHO defined ‘Five hand hygiene opportunities’ observed in the PRE, POST and fol-
low-up periods
WHO Opportunity
for HH
PRE period POST period
p PRE vs.
POST
Follow-up period
p POST vs.
follow-upAct Opp.
Compliance
(95% CI) Act Opp.
Compliance
(95% CI) Act Opp.
Compliance
(95% CI)
Before patient contact 37 163 22.7 (16.3–29.1) 115 209 55 (48.3–61.8) <0.001 61 114 53.5 (44.4–62.7) 0.9
Immediately before aseptic
procedure
26 59 44.1 (31.2–57.6) 40 51 78.4 (64.7–88.7) <0.001 28 39 71.8 (55.1–85) 0.6
Immediately after a risk of body
fluid exposure
77 100 77 (67.5–84.8) 83 93 89.2 (81.1–94.7) 0.03 48 58 82.8 (70.6–91.4) 04
After patient contact 205 294 69.7 (64.5–75) 267 311 85.9 (82–89.7) <0.001 168 187 89.8 (85.5–94.2) <0.2
After exposure to immediate
surroundings of a patient
63 135 46.7 (38.3–55.1) 86 116 74.1 (66.2–82.1) <0.001 36 52 69.2 (54.9–81.3) 0.6
Total 408 751 54.3 (50.8–57.9) 591 780 75.8 (72.8–78.8) <0.001 341 450 75.8 (71.8–79.7) 0.9
Act, HH actions; Opp, HH opportunities.
TABLE 4. Hospital-acquired infections. Intrinsic and extrin-
sic risk factors
Patient characteristics
PRE period
(n = 825)
POST period
(n = 868) p value
Intrinsic risk factors
Gender: male, 0.2
n (%) 480 (58.2) 480 (55.3)
(95% CI) (54.8–61.5) (52–58.6)
Age,
mean (SD)
71.1 (14.5) 72.8(14.1) 0.5
Chalson,
mean (SD)
2.06 (1.8) 2.02(14.1) 0.1
Barthela,
mean (SD)
61.3 (35.1) 61.3 (35.9) 0.1
MRSA colonization before
hospital admission
0.3
n (%) 41 (5) 57 (6.6)
(95% CI) (3.5–6.7) (5–8.4)
Presence of ulcers
at admission
0.1
n (%) 93 (11.3%) 121 (13.9%)
(95% CI) 9.1–13.4 11.6–16.2
External risk factors
Length of stay, days,
mean (SD)
9.27 (6.2) 9.1 (6.3) 0.3
Urinary catheter 0.2
n (%) 140 (17) 170 (19.6)
(95% CI) 14.4–19.5 16.9–22.2
Catheter days 924 906
Mean No. of days with
urinary catheter/patient
6.60 (6) 5.33 (5.1) 0.07
Intravenous catheter 0.2
n (%) 764 (92.6) 791 (91.1)
(95% CI) (90.6–94.3) (89–93)
Catheter days 4399 4734
Mean No. of days with
catheter/patient
5.76 (4.6) 5.98 (5.3) 0.7
aBarthel score measures functional dependence as follows: 100–60 points, inde-
pendent for daily activities; 59–40, low dependence; 39–20, high dependence; 20
or less, total dependence.
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of observers) has been difficult to eliminate because infection
control nurses were the observers and also part of the edu-
cator and motivator team. This could explain the high HH
compliance in all periods. To minimize the Hawthorne effect
we chose two methods for monitoring HH: a direct observa-
tion survey considered the ‘reference standard’, although it
has some limitations [29], and an indirect method monitoring
the use of AHR. The maintenance of AHR use reveals that
HH compliance remained high even when HCWs were not
observed.
WHO has identified five indications for HH called ‘my five
moments for HH’. The lowest HH compliance in our cohort
was in the opportunity ‘before patient contact’, both at base-
line and after intervention. Our results suggest that HCWs
perceived HH much more as a self-protective measure than
a protective measure for the patient. In this regard, a recent
study [30] that explored the reasons among HCWs for poor
compliance found that the beliefs about the importance of
self-protection were the main drivers for performing HH.
Alcohol-based hand rub for unsoiled hands constitutes the
new standard of care [18]. In our institution, HCWs widely
accepted the use of AHR as an alternative for HH, and AHR
use increased and replaced the water and soap for HH after
the educational campaign. In our opinion, the campaign suc-
cess is related to institutional support, the feedback effect,
and the accessibility and tolerance of AHR.
Previous published studies designed in a hospital-wide set-
ting reported controversial results regarding the impact of
improvement in HH compliance on HAI rates (mainly
HA-MRSA) (Table 1). We found, as well, difficulties in dem-
onstrating a measurable decrease of HAI incidence associ-
ated with the improvement of hand hygiene compliance in
medical wards. This fact has several explanations: first, the
sample size for the HAI objective was calculated using preva-
lence rates that overestimate the real incidence in our set-
ting. It is likely that the lack of power explains our inability
to find significant differences in HAI rates among the studied
periods. Second, the incidences of the most preventable
HAI, such as catheter-related blood stream infections or
Clostridium difficile associated diarrhoea, were already low at
baseline. Finally, the short monitoring periods for HAIs and the
lack of long-term follow-up for HAIs should also play a role.
Our study has both strengths and limitations: strengths
are the setting in which it has been conducted and the
long-term follow-up. This is one of the few interventions
conducted in general medical wards that have measured
incidence density. One year after the intervention we
checked HH compliance using the same methodology and
we found a HH compliance rate of around 75% for both
nursing and medical staff, as well as a sustained reduction in
MRSA transmission. Similarly, 1 year after the intervention,
AHS consumption increased. A limitation of our study was
that no control group was used because the intervention in
some ways was hospital-wide. The multimodal campaign
was applied in the rest of the hospital wards with posters,
pictures, leaflets and reminders. No group session, compli-
ance observation or surveillance of HAIs was carried out
outside the studied area. Therefore, the rest of the hospital
could not be considered a control group as new WHO
guidelines for HH [18] were widely distributed and applied
and no pre-observation had been made. We tried to over-
come this limitation with the before–after intervention com-
parison.
To sum up, after a multimodal campaign of HH, HCWs
compliance improved markedly and alcohol-based hand rub
consumption increased, replacing the traditional hand wash-
ing with water and soap. No changes in incidences of HAI
were observed after the educational campaign.
TABLE 5. Incidence density (ID) of hospital-acquired infections (HAI) in the PRE and POST periods
Hospital-acquired Infections
PRE period
n = 8 257 647 admission days
POST period
n = 8 687 898 admission days p value
Urinary tract infection
Urinary tract infection ·1000/hospital-days
n (ID)
25 (3.3) 17 (2.2) 0.2
Urinary tract infection ·1000/urinary catheter days
N (ID)
25 (5.5) 17 (3.5) 0.2
Pneumonia ·1000/hospital-days
n (ID)
11 (1.44) 17 (2.15) 0.4
Aspiration pneumonia ·1000/hospital-days
n (ID)
8 (1.03) 7 (0.89) 2.9
Respiratory tract infection ·1000/hospital-days
n (ID)
4 (0.51) 7 (0.89) 0.5
Clostidium difficile-associated diarrhoea ·1000/hospital-days
n (ID)
1 (0.13) 5 (0.63) 0.2
Surgical-site infection ·1000/hospital-days
n (ID)
1 (0.13) 0 –
Catheter bloodstream infections 0 0 –
Total HAIs ·1000/hospital-days 50 (6.93) 53 (6.96) 0.9
Number of new HA-MRSA (new colonization ·1000/hospital-days) 7 (0.92) 2 (0.25) 0.2
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